Intonation is utilized by languages in order to convey meaning in different ways. Here, we define intonation as pitch contour and absolute duration. Chinese, a tonal language, assigns F0 formant frequencies to lexically important tokens within words, whereas English, a stress language, changes F0 patterns according to the speaker's intended meaning or emotion. As Chinese speakers produce other languages, especially a non-tonal language such as English, it is uncertain whether they produce English with the same intonation as a native English speaker. The purpose of this study is to compare intonation across Chinese and English speakers An acoustical analysis was completed on 16 English (8 female and 8 male) and 30 Chinese (16 female and 14 male) speakers producing list 1 of the Hearing In Noise Test (HINT) sentences. Intonation features of the sentence production such as, temporal gap, word duration, and absolute duration were compared. Findings will show the effect of L1 tonal language on producing a stress language, such as English. Preliminary results show that Chinese speakers produce sentences with longer absolute duration than English speakers.
INTRODUCTION
Studies show that there is a critical period for language development during the first few years of acquisition. After this time, the brain declines in its ability to both accurately perceive and produce features of a second language that are not characteristic of the speaker's first language (L1) (Moore, Tyler & Marslen-Wilson, 2009 ). Furthermore, it is believed that characteristics of L1 may interfere with ability to produce a second language (L2) at the segmental and supersegmental levels (Chen, Robb, Gilbert & Lerman, 2001 ).
English is often described as a stress language since it uses the F0 contour of sentences to carry information regarding intent, pragmatic cues, and type of sentence (Gussenhoven, 2004; Eady & Cooper, 1986) . Conversely, tonal languages such as Mandarin Chinese use the F0 contour of individual syllables to convey meanings of words (Chen et al., 2001) . When individuals who speak English as a second language produce English sentences, especially from a tonal language background, there is often confusion about how stress and duration should be assigned (Chen et al., 2001) . Some studies show that Mandarin Chinese speakers produced English syllables and sentences with significantly higher F0 and shorter durations than L1 English speakers (Chen et al., 2001) . Additionally, there is some evidence to support that there may be different cortical representations for tonal languages versus non-tonal language speakers, and when L1 tonal language speakers begin to learn additional nontonal languages, they must learn novel processes for tone perception, and their cortical representation may actually reorganize. (Moore et al., 2009) .
While other studies have shown that L1 does impact vowel and syllable duration during the production of L1, especially in tonal languages (Chen et al., 2001; Nava & Tepperman, 2011) , there has not been much observation of how L2 affects the rate of speech and intonation. Speech rate can be affected by either a greater gap between words, or by producing each word with a greater duration than a native L1 speaker. The primary focus of this study is to compare intonation across Mandarin Chinese and English speakers across features of sentence production such as temporal gap, and sentence and word duration.
METHOD Speakers
Two groups of subjects were recruited: 16 L1 English (8 female and 8 male) and 30 L1 Mandarin Chinese L2 English (16 female and 14 male) speakers. The L1 Mandarin Chinese speakers began their school-based English education at 11-12 years old in China and were undergraduate or graduate students in the University of Texas at Austin with the US residency less than or equal to five years. All speakers ranged from 20 to 30 years old and had normal hearing.
Speech Recording
Subjects were seated in a sound-treated IAC booth and were recorded producing the first ten standardized sentences of the first ten lists of the Hearing in Noise Test (HINT). The digital H4 Hardy Recorder was used for speech recording with a sampling rate of 44,100 Hz and 16-bit amplitude resolution. Acoustic analysis was conducted for the first ten sentences of the list 1 of the HINT sentences (see Table 1 ). The left channel of each amplitude-by-time waveform was then analyzed as follows. 
HINT List Sentence

1
The boy fell from the window.
2
The wife helped her husband.
3
Big dogs can be dangerous.
4
Her shoes are very dirty.
5
The player lost the shoe.
6
Somebody stole the money.
7
The fire was very hot.
8
She's drinking from her own cup.
9
The picture came from the book. 10
The car was going too fast.
Duration Measures
Measurements were taken for durations of individual words, gaps between words, and total sentence. Each target duration was captured from the waveform using the Open Source tool, WaveSurfer®. Glottal pulses were highlighted to select duration for words, or conversely in between glottal pulses were selected for gaps. The entire sentence was selected to measure absolute duration. For sentences that began with an article, the article and the following word were combined together (e.g., /The boy/, as seen highlighted in Figure 1 ). FIGURE 1. From top to bottom: waveform, spectrogram, power plot, and F0 contour for the first sentence from HINT list -"The boy fell from the window," produced by a female L1 English speaker.
RESULTS
The duration values at the word, temporal gap, and absolute sentence level for English and Chinese speakers are listed in Table 2 . In general, Chinese speakers had longer durations for the three measures than English listeners. A one-way ANOVA was conducted to compare the effect of L1 on absolute duration of sentence production. Results showed that there was a significant effect language (F 10,35 = 291.39, p < 0.05) on absolute duration, e.g., the total duration of English sentences produced by Chinese speakers were significantly greater than the that produced by English speakers. Additionally, as shown in Table 2 , the word duration and gap duration were also longer for Chinese speakers than for their English peers. 
DISCUSSION
The purpose of this study was to examine effects of L1 on production of L2 intonation features such as temporal gap, and sentence and word duration. Results show that there was a significant overall effect of L1 on absolute duration. Additionally, Chinese speakers produced longer words and gaps between words in English sentence production compared to English speakers. These findings suggest that L2 may impact intonation and speech rate in predictable ways. At the word, temporal gap, and absolute duration levels, Chinese speakers produced the English HINT sentences with longer durations than L1 English speakers. This indicates that L1 may have some production effects on L2, especially for tonal languages which assign duration cues differently than those assigned in English (Gussenhoven, 2004) .
